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Thia Invention relatca to a method and apv>flrat\ia tor 
henxtuff eioncsRted space or <* louattoti cor txij'.nlnq an slonyatod 
hfitxtor, Hore yarticulaL-ly, t-he invention relates to ui\ ^XecJT.r^.cai 
reaiBt^noift heater for hfiatinff ati oLofi{(Ato<l subtotrancan ftoxoh&Lo 
At rfltOii are different at. dtfferent depths ot the |-)<j3rf$UaXe , 

:tt 1ft Jtnowa t(> boTJOilciail to Uflfs GLoti«at«d tiaators 
DtJCh 32 welL tiDaters, for heating Inte.rv^lp c>t Bubterran^ftP rjftpth 
formaul.on:;, plpo .IntortorSr or other elongated spaces. In v^trlous 
«rita<ition», it is desirable to heat such epsces at relative Iv Uicjh 
10 te(jipec^ttuTft& tor relativelv ion«f tinew. Bttnoflcial rcoulta 
obtaluod by 9uch heatlncj may include pyrolialoq Qll sUfl;le 
forciattona, tokimg oil to consolidato uncotisolidAtod r&Mrvoljf 
toroiations, tKSKingr oil to form electrically conducttue oarbonized 
zones <;3palile of opefAt^^ng ae ftl^jctrodeft within a reservoir 
ilorAationr thermally dlaplaclng hydrocarhona derived froift oils or 
tara iixto pvodxictlou lociaftloaS/ previintin^ foraatlott ol hydrat^a, 
prfti;l.plt.at<;5» or the like in flulda which are beiny produced frovi 
wella aiL<3/or tr<nvBuJ.tted thmugl) plpee, or th^ ilRe. 

The invontiOA aiaa to provide a heatlncj y.pparatus vhich 
20 S.a Cftpflble of generating heat at different rates flit dlffeceut 
dfipr.UP in a well. 

In accordance with the Inventiciij there is provided a 
procesa in whiqh subterra/itan earth formatiotin within ?tn intorvnl 
(Roro than 100 feet long are heated to a tenperature of more than 
b<iO^C. , ao that heat in injected frubctantlftl.Ly unlfonnlv l/ito that 
Interval, an iTriprovoment for consxrucitng and installing a beater 
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having al^ctrlca.l cable heating secxion which is free of 
Kp.HoeS, tiOWptiiJiiiSI ; oonrfttUt'tixitf «£iid h«citiuq cablo /lection by 
compreasive Ly Bvagin<i at Least, one i>ort:loD t>£ a ^uaotiou-tre^ 
eUcitrlcoi J)«atlLig cahift to rocJuco ita ^ita at uaao at li*ABt ono 
poirtlon, s£ia cable la at least ap long &R tU« sarth Jlorm&tj.on 
interval to be lieatcd and compri!V«« an axi^iXly oll*|Tjtdr tdailttahio, 
eLactrically conductive ctjre cyrronnd«d by granviJac nitxierflLl 
iti.-^ulntion xithift a metal ahoath, 30 thsit ava^rad poxtlon vonorates 
heat at a rate higher t-han the wnavaged portioi\; correlating the 

10 loCAtiOft 01: Siiia JSWiigm^ with the pattern of h^^xt GondutftivitY 1" 
the earth formation Interval ao that at lAApt one compr«8i»iv«ly 
«w&gftd portion ot ah« cA'joia 1« located aloci^ tho cable in a 
tfOBitlon auch that, vhen the cable la extended along the (iavth 
tQCTTiatlcn intaxvAl to b« h^atort, thft conpr'jsfttvuly «W2.yQ4 sortton 
is ad-^acent to a portion of T.ha earth foraatlon Intflrval in which 
ch« he»n fi^nducitlvity ts r«ltttv&lv hlghp connoctin^ ofild 
f!«loctiveIy swayod heating cable aectlon to at leaat one power 
supply cfihle aud spooling the int^^rconn^cted cabioa; and 
unr;pooliAg thd Intarcomiectea cable a into a wel3lJ0L-e along with a 

Id we3 9ht"sapporT.in<j mfttal conduit vhil* rlodioa] ly attaching the 
ca)>ieft to t;hc conduit and oxtandinq the cshlea and conduit to a 
depth at which the cop.preauively awaked portigng cif the cable are 
positioned iidjacent to tUo earth rorniAtiOrtfl haviag a relativoly 
hlijii thermal conductivity. 

The inveotion vllJ nov l^e *xpLdln«ci In moro aetali with 
r^ieroncfi to the accompanying dxawingB, in '-chich! 
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6^293* 2601 

rig\ira 1 is a thuQe-diniaiioiouEil iiiuatxatioA ot an 
6le<!tri;;aUy cgnU^ictlve ojitftinlug staged and nn^w^ged 

portions suitable £ot use in the puecanX invuntlcn. 

Ptgucft 2 aobe^ft^HoftXlv li.luirt races tbe in»xo.lling of an 
tjlcctrlc«)l xQsistance hdatar withlrj the veil In aco*ar<l«ACQ c^ltin 
the preaent tavewttou. 



la 
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pc^-m' supply crable and a inBtal-shrjatbed insulated cetblti &ultai>.1e aa 
a heotliig eXeroent of t>i9 presimt inventJ.av. 

Pi^es 4 ai>d & illustrarte SplLcOG for »?."la-:tricxilly inter - 
S c)Onna::ting the coxkictive cores of a pair of TietaL-f^hftErthed min^l- 
inwjlatjeil heating cablea saitablia as bolng cabJ.es .m the pressnt 
Lnvwitlon. 

figure 6 ahoxs an Qlcctrj<,'«.l power auppJ.y ciroalL 3ultabl/R £ctr 
use in the preeent irmjntica. 

IjO -tt^ present invcnticft is at l^nt^ in part prendiicd CO a 

diiJcxweri' that the propei'tioB of an eler:trical oandoutor fcstxii a 
ifctai-ahoathsd ^id iratHrj-ai-in£.uLa'UJd electrically curductlve 
cahiB ccntaininf? a single oopper coro) are su^:h that results of an 
^:piic;atioti of oonpressivQ piraqfiii? to ths c/itside of the suetal 

15 atieaeh are tranamittod through the insulation bu tho core of 
cab.le \r\ a cnannex Buch th&t Qndh of: tbe^e oarporjents ora 
suJoetantially aiicTaltaiieorjfily rocSiiced in crr^s^aBo-tiunalL oirea by tine 
s<^ relcrttve gmountB. Tna reductions in the arable car^ criejiS- 
floctiorinl area can be controlled to cause the spwo^oi pnrtiort of tho 

20 cable to gssoerace a aignificantly higher sucfjnt ode heat jxrr unit 
time than that which vsouLd ha^'e beao gflrjfirated wlthmit the ^'aging^ 
Qvian at a substanfcj.ally loivfer teiuperatarci. 

In a proforred QntX)d.^weiTt of the invention, such a swagliv^f ie 
da>a by ^ procXiSS oC rotacy swaging, arwxintijig to ocivipopcsslj'»g the 

2b cablo with Mini' bJavG applied hi' rcrtatir^ dies. Itotatin? swaging 
dE«7ioea and tachniqiiC^ iCO kliavn and cciiTDercdaLly a\'&i.iciblo. BilCh 
TTachlnaa osoironly oonrtnJ.n two die? whi*^ rerifGnncate rapidly as d 
spindle i« ^^idi ths*y dru tnourrtod Ic roti)l;ed, A ccer^sresaive rotJXTy 
swaging cperaticci invnlvea a basnsfiaring motion vhich has the sans 

30 b£iA£i£icial raabcria]. ofi mti^X an forging. It produoca a desirahle 
grain structuro r^sultlnqf Xn an incr&MEd teneila jstrdigth met 
elasticity. The ooixl (in tcapearature^ savaging tends bo work harden 
[TJ^t iretallLC cnatarialfi. If desvii^, i^uch a hardening (\nn b2 ifiacle 
more flexible by aiuiettliny. 
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m a rotary swagi3'jg operation/ tfVd extent to vAji^i the swagsi 
roAter;l'3l 3 a reduced in Grcea-se^rtlcnal area oai\ 1» ccfntroiled Very 
aooinibeLy. For e:Kjiwplx3^ sincao a cnetaX-abaatbed solid ciateorial- 
insulated coppsr-coreci olcctricaO.l'/^ocsnduL-tivc c«bXe hf^t^'ee as 
*j ^-jiiid ii'atci::lal during a rotary iA^jgiliag c^raticn, mjch a Cftb.l^ 

haviocj a dlsmoter o€ trccn iil>Dut 0,69 to 1.25 cti can ba f/xvflged to a 
reduced cHimfitar with acoiriiuy o± i\hoyt pl.i23 or minua 0.002S cm. 

rigure 1 iiluatrfltes sv^aqpsd and unswaufjcd porfc:iCQr\a of a' cable 
jkTef^rred fear ubb in the present in^/eaticn. In tlte oab];ft ^Ixwi, a 

10 Btainlosa steel aheath 2 sarrouAdg a udrjeral insalLitica 3 

Donsi sting of highly cxxnpfassQd grains Qf me^nEaium oxide cuid a 
Holid ccnductive cditq 4 of sahstoiitially pure ocppesr is 
cnncerytrJ.oaliy ^urroundEii by tht Insulsitiaii and aheath. In a cable 
of the type ahawn, where t^et inner and oator djOTSbere of the 

I'i Bheath 1,25 aiid 9 vni and thtj tSiairotor of tl'je ooxfe ^ ia 3 nm, 

iu the oiBwacped portion ^ the csh.lje may 9=i)iBrotEi a temperature a± 
abait €00 "C '>«hen oonducttrKj 180 enpencTftg of altar^natlrfc; currenr, 
HOwweTr iix a awaged portion of tl« caJiie hacuitig a <iifflraetcr reduced 
by « beaper5*^iirB of about 850 *C is ger/iratad when tho cable 

20 a a oacidLictirg the ssroa <^>n^t in tha saite aivircnrcRnt* 

In a i?!roIlerred enhodiirent/ the presfiftt iiwent^crt can 
utilised for providing a formatinn-tailoi«£i irethcd and aTf::partitu6 
for uniformly tiearting long tncexvala of aubtefranazaa earth 
foonationa at high bGitpcorature, pjconorciinQ to this rtiethcd 

25 si:i>tearrar©3ri Lntej:v«i3-a are ht-atod with an electric heatnr 

odLtaluing at .l««Ht ana spjolable stoeL-she&.thai mineral- insulated 
cflhld haaivg a aoXid oantral oore of high clec^^^ic3l conductivity. 
5uch di txiblti can be arranyei to hecit tha earth ficcwacicne ao tiwt 
haat 1*; trananitted into the farjiatioarts at a substantially unifamH 

3r> rate, evert wheaft the hoatlitg involvea noara thflw aboutt. 330 watts per 
cnatra at tesi^DfijrfiiturQS l:ctween ajoout 60D eti>d LOGO Tfce uPlfomiity 
of tlia hent traauwib'Sioo is enaored by proi'iding the heater with a 
pattern of electrical roivlstanceg with depth within tl\e well 
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oon-^ated vith tVje patceni nf heat uandLictiv.tty yji^-^ tieipth within 
tJis JuMnxxjnding Hiiir-t;h fcr/DEitlang , 

Figure 2 ahcx«j o pwfcttrred ciilyxUTrent of a ',<oil heater erf the 
present liwenrtian baling installed within a wall. •Jt\fy^\f a pail* 
^ of seXftctively awoijad iDiifttcr cabXea v-ith B^\-i9ad fii«<t un-J^/a^ecl 

pcrticna ot ttae tvps ii)icwn J.n Flguj?e .1 ari? beirg unfi^xx^Led i.noo a 
xoll from spooling meana 5 cind 6 while a support irembar 7^ sucti as 
a wire lino co: spooiabla iretal contiutt^ is oorv::i3i'JWtly iinapaol-CKS 
j.nto the wll f ran a gpoo).iT>9r ireana (nt>t shewn) . Tine .\cwer end of 

ID tl>e aop^ort neians 7 is aUt-arJ'jsi to a motor iroeJW 9* as a 

sinker bar foi' a vertical well car a eucnFc^ld or otbeJC nocor TTBana 
fbr ^ subfltantiajly bcrizoQital wll. The lowsr ends oJE the heating 
ostole, (w^-acjed partiocia Iby are ii^cbanically attaciied to ciJtbLe 
junction or encJ-ccraiectxar 9 in V'htch the ccn^tive. doteb arc 

15 ElactricalLy Intjexoonrei'ted (qb shcxn in ixort detail In Figure 4>. 
'Eba juTjOtioji 9 ia alsn Tna^ianieally oonnectccl to th*^ supporfe ireKibei* 
7, fear ^cflonopiiD by a strappang cn&anB 12. ThB Icwar <a\ds of the cable 
partiot^a, «ihlch are fwajge4 for increaaea heatirig, sitCi olcctrically 
interocnna^tdd in the er/X cxanj^ector f> and poeitionfid bO QKteand 

20 through th2 zona scjlatbad tot riEOOtvlrjg the iissreaasid teartijig. 

tla vu^BwagHd porticns la o£ tte heAttr^ caMea, deaigrad fior 
min-unal heating along th© sano to be heaced* are pcaitioned to 
extend Above ebe swatjed portiana lb for a distance sufficient to 
rOAch a aoQfio ^ich la cool ei>3fagti for an intCLTOonr^'tnon of ti« 

2^ hedtin9 cabLs poctioi:iB la wi.tti pGh«r suvply cables iO by Tuewna a±* 
jodntfi or eplioeo ll for electrically and iwadiniiically inter- 
□^jnue^tirg tl-jft pcwQT supply ii'jcf a]'4 beatirg catalaa. IhG pcfr^ier aifply 
cables 13 ore arrcingod ior cnrryivjg a ??elecbBd tmicmjit ol current 
whila generating ojily a jtiinlTTftl aaxwit of heat, Tba (Setails of. 

^0 suitable Tnejchanical and electricMl cable coinnectl-ng joints for ub© 
vith iTetal-sheathed minafral-inaulLittsd power supplying cablea are 
illustrated lA Figure 3, 

As the btK^tiJig anA pcwer supply c^los 1 and 10 dxe run into 
thjca w«3ll, alOTjcj V7ltii tJie w^iigbt.-fiupportinig strimd 7# the cablea are 
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pariodicaily attac^JH<3 to tha iitrjind 7 t)i' Tveana of ckui^ or 
atTcjppiiiq adaofis 1.2- ^^Jc:h clacifpe i\XQ arranged for creatuxj « 
frict-.ion between ths cables and str&txS which ie aufficisfirt to 
^:uppc?rt thiQ weigHt of V.)^^. lengths of tha cable? wtxich €xe Itxttbcd 
5 bDtweeu the cLaxcps. 

Piyure 3 iHjoatr^itsa (3tetaJL,l9 of preferuid arrangwentn of 
splices 111 ahcwn, tha power supp-ly cahlH 10 baa a metal sheath 
L4, audi as a ccppar shsatJi, sucrcwndiiijci ^ ineuLatad olectrlcaUy 
coofSuctiv^ oyto. 13 fvavlng a octfibicvitlon ot frrosB^ae^fcLuaol Area anfJ 
10 electrical rcsistaj'jce per unit oi' IcngCh cviaptirq it to carry 

current be uced Xn the heatirjg cpGrat.-lon vhilfi gfireratlng cnly - 
ran inalgrj'i f iciait arcowiC of heat* A» shewn, the power cable abOAth 
14 ae veil as A power cgiljle core 13 sjxj larger Chan tha atoith 2 
and core 4 of the unTOigoct port.^m of l-^tijig cablo la. tha 
15 oonAictivc ooreg of the cable clectTLcalXy intHroonnccted, 
praferiibly by weJdirxr* In ^jeneral, the pcwer cab.le can a^trprlse 
<5ubBtimtialLy ani' t^T^i of elestrionlly oanductive cable which ia 
□dequtrtaly heat stabJj© at ths tertssrature gereraced by tho minintuiti 
hsatii-ig p^i-tioft o£ a bc>9.tljfvj cabLa aich as la, ^xere fiie T^oxii^iam 
5eleci:4ia hHs±ing t^ett^Aturo is sufficiently lo^^ iOld/or tlie 
dlstflftice tetTrfeen tha pc^^or supply and zcna to bo liCateS ia 
aaoc^uately short/ tha pow^r supply c«ble C3.n ficn?a:i&^* a irotal- 
slteathed irar^rat-infeuloitQCi doll<V-corerf cable wtjix:h is 6Qlact3vel.y 
frwagB<3 to prcjviee tljO 'jolccbed h&atij^g ten^ature &-J that HX) 
^5 splLcefs 3tx'h afi Bplicaa 11 oro nooded. 

AO 3h05%Ti in Figure 3, a celcatiVQly short 15, auidi as "a 

sbE?fil shL^vc, Xs f.ttted around and woltfed or braiicd, or ctherwiso 
/Tischanically Attached, to the aheath 14 of the power cahla 10. Tho 
alea»'a 15 is prefcrabiy se^.ected to t^vi^ txi inner di.aineter fDiminy 
30 an anjiuiar spftOD bot^joen it an:3 ahaath 2 larga oncugh to 

aocxxrttcdate a thorter steel sleeve 16 fitted around tJoe sheath of 

c^Jble la. In a pt^sfiirrod as.-JSist^ling prooaaure, bsforc in??ert;ir^ 
the stort -ileevQ 16, wubetar/tifiilly all o£ the smnular Kjiico bet^vcen 
calJle core TSK*erR 4 and 13 acd sleeve l.S U filled with a 
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pcTNxiarar] minaral insuLa.t.irg natRriai aich as magneaium CKidf.. The 
inp.ule.t3.rig matarl^il ii; pne^^ftrably dcpoaitoJ v/lthlri both l:he annuli?ir 
'<ipe(X bet^^feen t}i& c*blc oorcii and tha bIsevs 15 as the 
space bet:weea^ the bXhbvg; 15 and the f^twath 2 cri the oable la, and 
n vihrartcd to <-x»rpact the tmas of par ticl.es ► Slsave 16 oeax tivsti 
drl^Tcn Lnco cte Bpaua bet^Kson the sJewR 15 and aheuth 2 £?o tt^ar. 
the ffBSa of ial]iera,V intjulating ipttrticlCS l3 CDsnpacbad by the 
driving force. Slocvct; 15 and .16 and ab&cith 2 are then welded or 
lrcQ:5©d togetlzir. 

10 Ficjuxe ^ illufetratcs details of an ond oojincwUcr or spxlioe 9. 

AS flbOM^ cables lb iir<3 cKtonded thrmicjh halea ia a steel blnrJc 9 
so ewu slxxrt aesticnb Ic cxteivi Into 5i c/liiidricdl openlt>5 in tJ^e 
contra], portion of U>a block- UvG e.lectTically conductive oc^re-s of 
thQ oabl^g are t^^l<2ed together at vreljd 17 and the c.ab.Le shoathe are 

1? v«id!5d to bicck 9 at welda 18- P.mfcr^ibiy, the cei^eycal ooooductors 
□f tha cablos ar« sgnxunded by a herrt fitffblc oLectTicjiX ins-alatiun 
such as a fikiss of cnn^^acftecl pawiar<i;d mineral pftrtlclea aiuVor by 
<iisc? of cexarpic itatBriala (not shown) , after vdiicii thxi Ofi«trai 
(Opening is sealed, for escompler by sreldir^-rrn pderea of ated (not 

2Q shmn)4 wbers the haatar i-y firtipported, as fstwwii in Figure 2, by 
attaching it bo an elongated cyiinirical strvntural marnber 7, a 
groovo 19 is poreterab-lKy foxned along am oxtcrioE pocticn cdE end 
Bpilic?3 ? to mate with tte stiucturol meaubor an<l racilloata tha 
attaching ci the end piftoe to that member, lor r^xmple, b^' a 
strapping cttsilfi 12- 

Tigure 5 ehuwd a prcfoorrcd type f>f end ccnraictor which 
climuiates t>e nee3 for Oitting and wftT.ding a hea-ber OiO^lj© to foriA 
a pair nt heirtjtir cobi^, such as c^l«» 16. 'l"he hedter catble is 
slirply boi^t into a a-tum ajriti tnechanioaUy clan^d to block 20 }jy a 

30 fcoited-<a\ cl-wrping pdabe 21. The bLocJt 20 is ^ireferably pro'/i<icd 
vtth groove 2?. to facilitato Wjq c.Umping of it Co a cyllndriOLil 
structural msft-toer sonh aa the cyiindrical onerabor 7 shown in 
Viqura 2. 
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auhBtantl&illy itny or DC sy&tticn CfepeOsie of causing a haator of 
tha s>rcs;cnt type fc heat at tho acltjctecl relatively high uata. S'jjch 
a heatirg r*ata ccan be abcat 330 w^rtts t>9r inatre or TOcarft, 
5 ricsure S i& a dtagraui of a praferrod irron^ecnsa^t at 

alternating ciirrertt olectrtoal p^wer supply irjg cl«nen*'-B witabla 
J!dT thft praaent typQ of hieflt€X, 'fhla drraiigeflfifsnt Imclixtes Cv^to 
iwcrOG, paralLe]., ailioon-oontro.UetiJ nRrtifiera <SCBs) in tJQS 
circultr, ofi l:oUi eleraenta of a tU0"*9sl«ne5it hftahfsr* In such a 
10 j^lfiiCGd sy.'steni tha h&ater Isiqe fibouid J;e of; aqnal reeist^incc 

that tha (XibLi coce junction, point A, NiUxiA Rrd oonnecbDr 9) osn 
ranain at 2oro voLteiqe cr virbual grocnd pobenta.ciJ.- It-js shfinths of 
the h$atei- cabios &re oannected to tha groundod oentre rap of the 
trajfisfiocniST sr^ccndoiy- Sirica paint A repreaentB tbd vraldGd 

15 cQorjectlcn witHln the end pitOG ^, the pocent-tal differenLio betteeen 
tho ocnncctloan aod the hcjeing xili 5iX3 zero tor all practical 
purpose*;, ihsso poinfeg tTaald be in electrical ccnt3.ct vitJwxit any 
ccnductlon of curvent* At points dancing upward a].cn:j the lege of 
the ^leater, the pot-^ttal differ aix» betwtswi tho shoflths and thet 
20 cesTtTtil (tofidEuctcr <yia increase and finaLiy reach cnaxlciums sQciT as 
plus or minus. liO V, 

Xn varioija situations in which an elogngated spaoa i a to be 
heated, tive in aitu tt^ermal oooruSlucttcn niav qignificearrtly 
vittj.in varicfua iaiyars or looattoos alotigr that space. A iiwro hoat 

25 oosodix^eive layer will carry off th/^ tjoat genera te3 b^t' a heater 

faster than a leaa □onducti\'e layer. a result, the teirparoturs 
KiQintained by an electrical rciaistancti liQ&ter oarryirg a given 
omcmt of current will V« Ijower oppa^ibe u eiors cofviuctl'/e layer . 
In aituations In v.'hlch it is desired to cwiiitain a fjAt or nnifomi 

30 beating rate alojtg the sp^Wj bej.rg heated, it ia dasir^iblo to 
r^iuce heater oora cross-s«ctlooa]. area in orcfer bo gsaricrate 
?^eat at the aans rate na th£it in otJxer porticna of the heater which 
dr»? letter. 
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An cic>c;ti'ica.1 iTRBistajico hoater f-aji be ceuetwl to 9C3)crate 
selectee! hi?srttr/4 rafcefl at dif±«rt£nt Icoati.ana alocig tha hxsater Ixy 
installio;; ho&ter sectiona oceitiiinlryj co]\<3uctora af vcrying clocp>* 
atfjtlons. '-^^e snWiLljear oars or ocaviuctDr crces-sectxcne eixhibH: TVCDce 
5 rosiataoTfi to biu clootrxcal miiL-ent flCT/ a\vi thua generate IrjeJiU st 
a rate high«r than iM-cuXd be 96rjoraeefl by a thicianr core at tiia garre 
terrpirature. B^r exanpldr it c?o,\ 'neat at a SQlGcrtecl rate at y^xx 
taiiperature exi^tlnc; along a r?latlvely totb Kent canSucCive lay ex 
oq: sotiC: v;iUiiP tha apace l^^iic/} heatct3, 

\0 Ths present invent iun provicis? a method of causing a heater 

havirg dft olectricaJLIy conductive cxjre? ^ictj ia cocitinuoijs aivi 
unitary to geiusrate ccw&tant and/or soLected aaicnnta of h©at alcsvg 
one oj: a multlpliciiiy of dif fererrt. £»irtion!i of the heater vithOUC 
ref3uxring a ni3Ltitu(3e of heatiiig cable fipiio2S. rarrticolorly where 

15 tho hfiatlno i3 to be cmchxitecl an relatively high tcfir^raLiTnaa foar 
long timsSf xeldirtg prc&Ieittfi iind cpportjonitiea fior loftkage anj 
itihorfiont ."In w;y fitting and splicing of electrical hictatingr cablftB, 

Itj respect to a)^ electrical rsssistanoe heater cofiptrising a 
pair Qf el60tricall7 iutnrcoffmiicted jnathl-Sheathed solid initcrial- 

20 insulated tzoblca eac^i containing a mali^sble (ce^Al elf?ctrically- 

0OTiducti\'e oo^s, fOisr fSSts of rntary Bwitchlng die* can ba arraJigoii 
for pt^'^iillny poroeotagiea of <3iaireftrical rodijcticns of 6, 12^ IB 
and 24 in tho inlbtal overall diameter of oach cable and its 
ccndurtive txxrc, ret^uci-ixT ere portioo ocf the cable dianiater by 

illi 6% and another by 12% , the overall reduction is 9% . ^ SDCh 

pDrrxKdures, tl-se ov¥?ral3. uroas-scctlcoal rciductiona for i:otb legs ot 
thiC b^ter can be prtTvidtid in oight Sfepa of roughly 10« tad^, (?or 
oxMpler sec the fullowing table: 
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supply Ifi to be used, it is rtt^osssary tJrat e^?ch leg of dia heater 
after reductions iu il;3 our^ di^nstefr hflLve en overall reaiatoiMSO 
equalling that ot the o titer leg after redkictions in ."Its ccars 
S diauriRtesr. I^iis is nocdssaxy to eneure tho ^ero ^/oltacje potential of 
t±i3 inbsroCjnncxAe<J cciviuctooca in the erjd phscc* TVnJSr it is 
i^eceaeaocy tQ dr;ii36 ttje cveretU extents of elHctricdl core 
reductiona evenly avGr both longtUg of tha haater, 

Ruhsianfciall/ any oaiirji'Qsriive swaqin^ ptoradura which is or is 

10 F3ub&tantlally cqaavslent to rotjry £W&<^ing con s^tvably iiaed in 
parairtifiirtg tJ'ie pre9?J\t .iTicventign^ acato^les of sv«kj1t>9 ireichLnas 
guid/or tedirtlques which c^oi cuitabiy to used are .IncliiRi^fa of ditj 
closing a»«xriJig mduchiiie?/ such aa thnee /Pinufactxired by 
Tonringtoo Cu:npDny, or Abbey /ietna !techinE Cbiq^any or 

tfi M?nufacturirjg, etc. 

Power ai2s5^1y Ciihicfi capeble of trfloosnittijfig th© anoAuu of 
rjurrenc selectjed to be uEsod whii& getroorating only a raldtiv^ly 
Insignificant ^?Trcimt of haat and havtn-/ sufficient themail 
iStablUty for elje=trical and itoc3u*nical ati-^cfrmKnt to thti notaL 
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;-heai^liP-d cable sciucrted for qex^ating a cainlnrajo aTicva"it of heat con 
suitably t>t^ used ia this Inveritoon , Sxanplae of su^h cabl/?B inclutia 
tboce ava.il^bJje as Biocypyrotcnac (AT rabies. 

In gcoeTa,1f in a situation in which an sLectrlcai cordioctxar 
5 r^d Tvyt bo insula tecl, the paresfiint Invent ioci con ba tju'^ictised ^-tcti 
sobBfcgintialiy Sin^* eXft^triral ccxxJucbor vATd<*t Ir oantinuajS and 
unitary is a cant\nuoaa body froo of interccimecfcetl ' isfe^cfliits 

ox frtrarda^ ainci hau a o:>re or- candcctcr thickness (i.e, a cruBS- 
jseotioofil area of t}jc c.lectxically cmductivo rretarlal,) Nhich is 
10 dil'ferent in diffewarit locatioos along the iongth of tte e.l*3utricre;l 
uondiK^tor. rref erred aloctrioai conductcra Ciimiirise 33iv:;.l^i 
Gcnductlve corftfl of miie«jble itctala or allrr/a surrounded by a haat 
atalilo solid jixsTulatei iraterial witJUn a beat atable if^tftl £;l\eatt\ 
Buch ae rciractoi:y pcwt3ar or solid fibre insulating cnatariais 
\5 w:\febiu copper cr stcol sl^atJia* A ooppeir core syriwnd^ by 

pa^-^recl uiagnsaium oxtdo within a ccppsr aheath for use at mcx3eratLi 
tftjnperaturea, or A stAinles^ steel ebsath f?ar use cit ivtgh 
tdrpeoraturea, ia pai-ticalairiy preCerjred* 

In general, the? px-^eent itwcsntion can 1*0 MtilxKOd to initiabe 
$D ^sndt naiLiitaii\ a aubfltaritxally unifionn rate of lieatirxf along a space 
ccntaiftitxj ftt lea!it one pnrticn haviftij A rolabively i.-ata of 
Jieat oonductivity and/oc CO estaW-iEh and JWilnt?..^n a nelatiM«ly 
higj5 raba of h<iating along selected Fartion:^ alor^ a fjpeca 
. thrx:;^hiQat tjhich the rate C(f heat ccnduotivity Is nearly urufatm, 
?3 1^ VcKriatioos io Jwart conclucta vi ty with di&taixT':^ alc«g an 

elcr^ated path can be deta^nin(^3 by TiieauB gf nuroercus kn:?.oi wid 
available dfi7icsa and technic^s. 

m a particularly prafurrod prc<»dure far uti].lzirjg the 
pDtr«&2nt inventi.cn tor heating aloftg a path aloi^ v^lx=Ji the ht^t 
30 ocndiictivlty is ooiv^jniftaim, a &elE:;tiGti is mads of the rate of 
heatinxf to be prcvl<?*i>d when an electrical conductor having tha 
cdi^xisiticn. to ba used is cctviucting ths ancurt of cyrreot to ba 
used within ci hnrtoganacufl; medium Iwwinq tha iowatst heat 
ccnductivity to ba enoounbcwcd a5ci>j the path to be heated, the 
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niaxJvTnafti thicknaas for t'ne eLentrioeil oocndoctor to bs visod Ss t^cn 
the tb.vcicneaa which provitfea that rata of h^ativjg in thiit 
situaticfx, 'the thickitC2;s of porticos of the ocofJuctnr to ba 
poaiticncd almg pactions ot tlv? path whldi have biyter heat 
fOT3activitjLe3 are then KC<i& ^\imsr to an axtOAt suJ^OWnrAally 
f:CTT^ffinsating for che mors r^ipid coivlMcting^Mfly of tY^ I'^at by 
those higher haat ooaTdtintlvitles. 

Mten^atiTeiy, whero it ia daBirfli4e to generats haat at 
rel^tiv&ly rapid rates along portions of a peth to be heater! (for 

10 exanpie, along tcp and hotton portions of a Hubterrancfen oarth 
foatmTim} auch ein arranyCTPW^t can ba iwda, a.Vcbaijgh ttjs h^t 
cctictuctivity TKty s\tb.*3t3ntially uniform nil along tha path to l^e • 
heatecL 'rt^ condtK;tor thtctoes? aia.i rtiaisbajice to l3e uesd eiLong 
mo&t of t3\e cfib.Te conductor urc selecti©^ to prcvic3c the as-l/sctsed 

15 rata of hpoting a long a hc-rogeneoos iiftatCTial hawincf the luiat 

ccwauctLvity cjmnoo to ^jjont of tbo itrt-arval to be hsarttsd, Tt)en, tl'^ 
tnore rapid heativ-^ rate aloog acijaiAed portloi^? of the path can be 
Qbtanned by thiiinitig the portionfl of ths aGnductor to be extehdod 
i.long those pGnrtianfe of! ths path» 
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THD BiE-ibUTOIttTlTR OT Tf3t3 IMVBHTIOH III ^IHTCH AH 

PilOPEHTY OR PRIVILEGE 13 CLAIHRR AfiD DSPIHBD AS i'OLX.OWSi 

]. . In a pl-ocaac In which aubtarrRneau earth f orxn^t XouB 

vfLthin an Interval Tnore th^U ion teet Long are hOfiCtX^. to A 
r.e.Tip^^ratyjre ot moro tliom 600*^c;., so that haat is injectod 
subatantiaXIy \m;( f orw.ly into that itit^tvaL^ an iJnprcjvemBnt tar 
ccnsti'uctin^ cind InsstaXling a liaatar hsvlncj an electrical cable 
heating secMon whtoh Ift i?ree of Bplic<;o» comvriftlng» confjtr ui<;tiag 
Sftii (3Rjbl« asction by compresa L veiy a-wacjing at leaat on« 

porti-oti of a juDotlou-tre e electclcaJl heatlnt^ ce*bl« to rcducs ita 
slzo At Uaiid At least one portion, said cable la at least ae long 
aa the earuh eo.rmatiou iivterval Co bft lie^t^d and f^omprl»<55 ah 
3x:laV\y aU.gr)\^d, mftllealJift , olicfcrically conducttva col-^ 
surroundod by 9ranular x^ln^xal Ine^ulaCion Within & (\et&l eilit<iith, 
BO that ftwageO portion g4n*jrfiites hoat at ^ rato higher than the 
OAar/Bg«d portion; cojrelatincj thfi looatlon of SftXd Rwaglng vich 
the patt.^jcn of heat conductivity in tUo aarth forihotion interval 
BO tliat ot loast ens comprasaLvely sva^ed portion of the c^tble isi 
Inoatea along the cabl« lu a powition PfUCh thdt, whf>tl thn C#iblc i?? 
i^stendeii alor^g thfl earth formation inter^jal to ha heatad, the 
coifipro HsJ vely ?Ka<|ed poiction la adj^iGeut to a portion of tUc e&rth 
Corai&T-lon luterval in which ttva hoat condurtivity la relatively 
high) connoctlng aaid selectively avagert heattug c&bLe (voction to 
^it XeaBv one power 'JUpply cahla ^ind b'^ooLintr the intarconnected 
cablBs^ and Mnapoollny the iuteroooneotatl oabX«^ Xnto a w«Liborft 
along with a weight-a^ipportlng motal conduit whil<j p^xiodicallY 



C3293-2601 

ii.t^cMoq tUe aaliiep t.o the, conduit, and axtendHncj the cab.lee atid 
conduit to a dojth at wtiicli the coifipcsnsivoiv ftva^'ed pc^rtions oi* 
tbe cable ^re poRiktioned adjacent, no tlu earth toT-ra*i;Xone having 
r^jlativsiy hi^h tharnial canductivity. 

SMAJtT {r BXGGAR 
Pi^TDHT ASQKTS 
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A_D 9 TRACT 

IIKVT.IKG RATS 
ELCC:GRTED SLECrPtCMi IlKSrSWAKCS HEATER 

An elece^jLcal resifttarjce l^eacser capable o£ gotyaratlng Iwat at 
diffBL-mt r:rtef3 at diffierarjb lo:A!ttiODr«; a.lct>9 ita larxfth OTcpori.'sefj a 
ccntinucca aciJ unitary e.lactvical oonductor bavirq a thlchicsa 
wliirJi is Oiffcarent at different Icottticns aiawj its length. 
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